Brazilian dairy Gir (Bos indicus) cattle are a tropical, welladapted breed, for which no information on the major histocompatibility complex (MHC) is presently available. The second exon of the bovine lymphocyte antigen (BoLA-DRB3) was amplified by polymerase chain reaction (PCR) of DNA samples from 28 Brazilian dairy Gir cows. Two experimental genotyping approaches were used: direct sequencing of PCR gene products (PCR-DS) and sequencing of cloned PCR fragments (S-CLO). Results demonstrate the viability of both typing approaches. PCR-DS allowed typing of 39% of the animals while the remainder were genotyped by S-CLO. Seventeen BoLA-DRB3 alleles were assigned, including some that were only recently described for zebu cattle. Allelic frequencies ranged from 0.02 to 0.18. The most frequent alleles were *3601 (frequency = 0.18), *2201 (0.14) and *2101 (0.11).
Introduction
Brazilian Gir cattle were imported from India at the beginning of the 20th Century. In Brazil, these animals were bred and selected for compact body, pendulous jowl and navel, convex head shape and red fur were selected. According to Santiago (1987) , in 1938 selection of Gir dairy cattle took place at the Experimental Station of Umbuzeiro, Paraíba state, Brazil. Nowadays, the animals are well adapted to tropical conditions and current milking performance with purebred animals is near 2700 kg in a lactation of 305 days (http://www.cnpgl.embrapa.br/gir).
Mastitis is the most common disease affecting Brazilian dairy herds (Veiga et al., 1994) . The inflammation of the mammary gland reduces milk production, market price, and is a risk to human consumption. Resistance to mastitis is associated with the bovine lymphocyte antigen gene (BoLA), the major histocompatibility complex (MHC) found in cattle (Dietz et al., 1997b) . There are several studies in the literature in which the genetic association of the BoLA-DRB3 gene with resistance to mastitis has been investigated (Giovambattista et al., 1996; Dietz et al., 1997a,b; Kelm et al., 1997; Starkenburg et al., 1997; Sharif et al., 1998; Gilliespie et al., 1999) . The BoLA-DRB3 gene product is a binding protein involved in the formation of an antigen-antibody complex, and is thus an important molecule associated with the specific immune response. To date, more than 70 different alleles have been reported for exon 2 of the BoLA-DRB3 gene (http:// www.ri.bbsrc.ac.uk/bola) and correctly genotyping the animals is not a trivial task. The first studies used restriction fragment length polymorphism of amplified DNA fragments (PCR-RFLP) for allele assignments (Van Eijk et al., 1992; Gelhaus et al., 1995; Sitte et al., 1995) . This procedure is well characterized; however, as a result of the high polymorphism observed in this gene, several alleles are not detected by this methodology. As there are no studies of BoLA-DRB3 genotyping in the Gir breed, the purpose of this study was to identify alleles of the BoLA-DRB3 gene from a tropical zebu dairy breed (Gir dairy cattle) using two experimental genotyping approaches: direct sequencing of PCR gene products (PCR-DS) and sequencing of cloned amplified fragments (S-CLO).
Materials and methods

Animals and blood collection
Twenty-eight Gir dairy cattle (Bos indicus) from the Brazilian Organization for Agricultural Research, National Dairy Cattle Research Center (Embrapa Gado de Leite), Juiz de Fora, MG, Brazil, were used. Blood samples (5 ml) were collected in 0.5% EDTA and frozen at −20 °C for further analysis.
DNA extraction
The DNA extraction protocol consisted of adding 7 ml of lysis buffer (0.32 M sucrose, 12 mM Tris-HCl, pH 7.5, 5 mM MgCl 2 and 1% Triton × 100) to 5 ml of blood.
Samples were then centrifuged at 2000 g for 20 min. The supernatant was discarded and another 3 ml of lysis buffer was added to the samples and centrifuged at 2000 g for 3 min This step was repeated until a clean pellet was obtained. DNA was extracted by resuspending the pellet in 900 µl of a solution containing 450 µl of proteinase K buffer (0.375 M NaCl and 0.12 M EDTA, pH 8.0), 45 µl of proteinase K (20 mg ml
) and 20 µl of 20% sodium dodecyl sulphate. Samples were incubated overnight at 55 °C. On the following morning, protein was precipitated with 500 µl of 5 M NaCl and centrifuged at 2000 g for 25 min. The supernatant (1050 µl) was transferred to three 1500-µl Eppendorf tubes (350 µl each) and 1000 µl of absolute ethanol was added to each tube. The DNA was precipitated at 10 000 g for 15 min. The supernatant was discarded, and the samples washed in 70% ethanol. Then samples were dried at 37 °C for 1 h, and each DNA pellet was resuspended in 100 µl of milli-Q water (Millipore Corporation, Bedford, MA).
Amplification of BoLA-DRB3 exon 2
Oligonucleotide primers used for amplification of the second exon of BoLA-DRB3 were previously published in Van Eijk et al. (1992) . Primers HL030 (5′-ATCCTCTCTCTGCAGCACAT T TCC-3′) and HL031 (5′-T T TAAT TCGCGCTCACCTCGCCGCT-3′) were used in the first amplification round. Amplification reactions were carried out with 100 ng of DNA (5 µl) in a 25-µl total volume containing 1 × PCR buffer, 10 mm dNTP mix, 50 mm MgCl 2 , 0.5 µm of each primer and 1 unit of Taq DNA polymerase (Gibco BRL, New York, NY). The thermal cycling profile for the first round of amplification was an initial denaturation step of 3 min at 94 °C followed by 10 cycles of 25 s at 94 °C, 30 s at 60 °C, 30 s at 72 °C and a final extension step of 5 min at 72 °C. After the first round, a hemi-nested second PCR reaction was carried out with 10 µl of first-round product distributed (2 µl/tube) into five new tubes containing the same volume and concentration as described above except with primers HL030 and HL032 (5′-TCGCCGCTGCACAGTGAAACTCTC-3′). Primer HL032 is internal to the sequence of the amplified product of the first-round PCR and has eight bases that overlap with primer HL031 (underlined in the text above).
The thermal cycling profile for the second round was 25 cycles of 40 s at 94 °C and 30 s at 65 °C, followed by a final extension step of 5 min at 72 °C. Reactions were performed in a 96 -well thermal cycler (Perkin-Elmer Applied Biosystems, Foster City, CA).
Elution of the PCR products and direct sequencing
Briefly, electrophoresis was carried out on 2% agarose (Gibco BRL, New York, NY) gels with 100 µl of PCR reaction total volume combined from four tubes. Gel slices containing the specific BoLA-DRB3 PCR products were eluted and purified using the Sephaglas BandPreP Kit (Amersham-Pharmacia Biotech Inc., Piscataway, NJ).
Two µl of purified products containing 200 -500 ng of DNA template was cycle-sequenced in a 15-µl reaction containing 2 µl of ABI Prism Dye Terminator Cycle Sequencing Core Kit with AmpliTaq DNA Polymerase (Perkin-Elmer Applied Biosystems), 1 µl of 5 µM primer HL030 or HL031 (consistent with forward or reverse sequencing reaction) and 2 µl of sequencing buffer (200 mm Tris-HCl, pH 9.0, and 5 mM MgCl 2 ). Reactions were performed according to the following cycling profile: 96 °C for 3 min, 25 cycles of 96 °C for 10 s, 50 °C for 5 s and 60 °C for 4 min. The sequenced samples were precipitated with 90% isopropanol, washed with 75% ethanol, and dried at room temperature. Samples were resuspended in 4 µl of deionized formamide : 50 mM EDTA, pH 8.0 (5 : 1), and 2 µl was loaded in an ABI 377 Automated Sequencer (Perkin-Elmer Applied Biosystems) and submitted to electrophoresis for 7 h.
Cloning procedure of eluted PCR products
Samples that revealed the possibility of identifying novel alleles, or whose genotyping from the sequenced PCR product was not reliable, were cloned in the SmaI site of pUC18 vector using SureClone Ligation Kit (AmershamPharmacia Biotech Inc.) and transformed into competent JM109 Escherichia coli cells (Hanahan, 1983) . Clones containing BoLA-DRB3 alleles were sequenced under the same conditions as described above, except for the use of forward or reverse M13 universal primers (Perkin-Elmer Applied Biosystems).
Allele assignments
Alleles were initially assigned by examining the sequence data derived from PCR-DS reads with forward and reverse primers. The consensus sequence of both reads and chromatograms were compared with all previously identified alleles using sequencher assignment software, version 3.0 (Gene Code Corporation, Ann Arbor, MI). In order to resolve ambiguities in heterozygous samples, only alleles that allowed possible matches were considered. Allele designation was made only when the sequences of two published alleles matched precisely -at all positions -with the reads. Samples were cloned and sequenced in cases where direct typing of PCR product was ambiguous.
Results and Discussion
Comparison of different typing methods
We tested two approaches for sequencing products of BoLA-DRB3 exon 2 alleles. In the first, PCR products were directly sequenced (PCR-DS) and in the second, the amplified gene products were cloned before sequencing (S-CLO). When direct sequencing of the PCR products was carried out without elution of the fragments from agarose gels, correct assignment of the alleles was impossible. Results showed that, although PCR is a rapid and effective technique for amplifying specific DNA fragments, sequencing of PCR products requires the isolation and purification of templates (Fig. 1) . When PCR products were eluted and purified from agarose gels, the primers were taken off and the sequencing reaction was unique for the primer added to the reaction.
Genotyping was feasible by direct sequencing of geleluted fragments. However, the multiple mismatching of sequences attributable to excess heterozygous differences resulted in time-consuming and sometimes ambiguous allele identification. Sequencing of clones produced better quality sequences and immediate genotyping (Fig. 2) . All animals had at least two sequences analysed by PCR-DS, one with the forward primer and the other with the reverse primer. For the 28 cows studied, 11 (39.3%) were correctly genotyped by PCR-DS. Two cows out of these 11 animals needed four reads from direct sequencing for reliable typing. Material from the other 17 animals had to be cloned in order to obtain reliable typing. S-CLO was also conducted on the 11 animals genotyped by PCR-DS to confirm the results.
PCR-DS has both advantages and limitations. First, the sequence is readily obtained because this approach does not depend on the cloning of PCR fragments. Also, only 64 reads were necessary to genotype 11 animals. However, when gel-purified BoLA-DRB3 products were directly sequenced, the high level of polymorphism at this locus demanded extremely time-consuming DNA sequence analysis, and in some cases cloning was still necessary.
S-CLO was more labour intensive. Two hundred and ninety-seven reads were necessary to genotype the remaining 17 animals. When the PCR products were cloned, several high-quality sequence reads were needed to form a consensus and distinguish possible mutations from misincorporated nucleotides introduced by Taq DNA polymerase errors during PCR (data not shown). Misincorporation of nucleotides and possible errors by Taq DNA polymerase have been discussed in the literature (Gyllestein & Allen, 1993) .
To circumvent the limitations associated with both the PCR-DS and S-CLO approaches, a possible solution discussed in the literature is the separation of alleles prior to DNA sequencing. Non-denaturing single-strand conformation polymorphism (SSCP) (Mok et al., 1993) and denaturing gradient gel electrophoresis (DGGE) (Aldridge et al., 1998) have provided separation of alleles. BoLA-DRB3 exon 2 has extensive polymorphisms, and the Nucleotide sequence of BoLA-DRB3*1703 allele deposited in GenBank (accession number AF209710): 5′-tggagtattc tacgggcgag tgtcatttct tcaacgggac cgagcgggtg cggtacctgg acagatactt ctataatgga gaagagtacg cgcgcttcga cagcgactgg ggcgagttcc gggcggtgac cgagctgggg cggccggacg ccaagtactg gaacagccag aaggagatcc tggagcggga gcgggcctat gtggacacgt actgcagaca caactacggg gtcggtgaga gtttcactgt gc-3′.
methodologies mentioned above could be used to separate the alleles prior to sequencing.
Allelic frequencies
Allelic frequencies of Brazilian dairy Gir cows, a tropical
Bos indicus cattle breed, ranged from 0.02 to 0.18 (Table 1) . The least frequent alleles were *0201, *1001, *14011 and *1602 (frequencies = 0.0179). Conversely, the most frequent alleles were *3601 (0.1786), *2201 (0.1429) and *2101 (0.1071), corresponding to almost 43% of allelic frequencies.
The nucleotide sequence of the BoLA-DRB3*1703 allele deposited in GenBank (http://www.ncbi.nlm.nih.gov) has 252 bp (accession number AF209710), which is 3 bp larger at the 3-prime end than the latest allele submission recently deposited in GenBank from an independent study on Brahman cattle (Maillard et al., 1999) .
Other studies have investigated allelic frequencies of the BoLA-DRB3 gene. Kelm et al. (1997) genotyped 131 Holstein cows and, according to PCR-RFLP patterns and nomenclature described by Van Eijk et al. (1992) and Gelhaus et al. (1995) , observed that alleles DRB3.2*8 and *11 were the most frequent (21.31 and 17.62%, respectively). Sharif et al. (1998) found allelic frequencies of 20.1% for allele DRB3.2*8 and 14.9% for *11 in Holsteins, while in Jersey cattle allele *8 was present at a frequency of 1.7% and allele *11 was absent. Gilliespie et al. (1999) , in a study of Jersey cows, found an allelic frequency of 11.3% for allele DRB3.2*8 and an absence of allele *11. The pattern for allele DRB3.2*8, obtained by PCR-RFLP, corresponds to those for alleles DRB3.2*1201 and DRB3.2*1202 (http://www2.ri.bbsrc.ac.uk/ bola/ drbtab.htm). In our study with Brazilian dairy Gir cattle, alleles *1201 and *1202 were not observed. Allele DRB3.2*11, which corresponds to alleles DRB3.2*0901 and *0902, was also not observed in our study. In contrast, allele DRB3.2*2201 (DRB3.2*06 for PCR-RFLP pattern), which had a frequency of 0.003 in the study of Giovambattista et al. (1996) on Argentinian Creole cattle, was the second most frequent allele in our study (0.1429). In addition, alleles *3601, *2201, *2101, *1801 and *2801 (PCR-RFLP alleles *20, *06, *35, *18 and *31, respectively), which were responsible for almost 60% of the allelic frequencies in our study, were not found in American Holsteins (Kelm et al., 1997) and represented only 2% of the allelic frequencies of Canadian Holsteins (Sharif et al., 1998) .
A source of uncertainty concerning the zebu allelic frequencies at the BoLA-DRB3.2 locus is the lack of studies on zebu cattle in tropical regions. This is the first study of the BoLA-DRB3 gene in Brazilian dairy Gir cattle. Results in the literature indicate that allelic frequencies of BoLA-DRB3 may, at least to some extent, depend on the breed, as a result of the founder population and selection pressure. At present, almost all previously identified BoLA-DRB3 alleles were recognized in European breeds. Even for a relatively small population, this study allowed typing of 17 alleles, some of which were only recently described for zebu cattle (Maillard et al., 1999) . Other new alleles probably remain to be discovered for the BoLA-DRB3 gene in future studies on tropical cattle.
We demonstrated the viability of both typing approaches. PCR-DS allowed the typing of BoLA-DRB3 alleles. The S-CLO procedure was used to determine reliable nucleotide sequences of the BoLA-DRB3 gene. Other genotyping studies with genes with lower polymorphism should be conducted by PCR-DS. This technique is substantially less labour intensive and can give correct assignments of the alleles. In situations of ambiguous typing, cloning and sequencing of isolated alleles will lead to the correct genotype. 
